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Ti(C,N)-(Ti,Nb,W) (CN)-Co alloy for milling cutting tool 

applications 



The present invention relates to a sintered carbonitride alio: 
5 with Ti as main component and a cobalt binder phase, which has im- 
proved properties particularly when used as tool material for 
metal cutting, particularly in steel milling operations. More par- 
ticularly, the present invention relates to a carbonitride-based 
hard phase of specific composition, for which the amount of undis- 
10 solved Ti(C,N) cores is optimized for maximal abrasive wear resis- 
tance, while the Co and Nb contents are optimized simultaneously 
to give the desired toughness and resistance to plastic deforma- 
tion . 

Titanium-based carbonitride alloys, so called cermets, are 
15 widely used for metal cutting purposes. Compared to WC-Co based 
materials, cermets have excellent chemical stability when in con- 
tact with hot steel, even if the cermet is uncoated, but have sub- 
stantially lower strength. This makes them most suited for finish- 
ing operations, which generally are characterized by limited me- 
20 chanical loads- on the cutting edge and a high surface finish re- 
quirement on the finished component. 

Cermets comprise carbonitride hard constituents embedded in c 
metallic binder phase generally of Co and Ni. The hard constituent 
grains generally have a complex structure with a core, most often 
25 surrounded by one or more rims of other composition. In addition 
to Ti, group Via elements, normally both Mo and W, are added to 
facilitate wetting between binder and hard constituents and to 
strengthen the binder phase by means of solution hardening. Group 
IVa and/or Va elements, e.g. Zr, Hf , V, Nb, and Ta, are also adde< 
30 in all commercial alloys available today. Cermets are produced us- 
ing powder metallurgical methods. Powders forming binder phase an« 
powders forming hard constituents are mixed, pressed and sintered 
The carbonitride forming elements are added as simple or complex 
carbides, nitrides and/or carbonitrides . During sintering the har 
35 constituents dissolve partly or completely in the liquid binder 
phase. Some, such as WC, dissolve easily whereas others, such as 
Ti(C,N), are more stable and may remain partly undissolved at the 
end of the sintering time. During cooling the dissolved component 
precipitate as a complex phase on undissolved hard phase particle 
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or via nucleation in the binder phase forming the abovementioned 
core-rim structure. 

During recent years many attempts have been made to control 
the main properties of cermets in cutting tool applications, 
5 namely toughness, wear resistance and plastic deformation resis- 
tance- Much work has been done especially regarding the chemistry 
of the binder phase and/ or the hard phase and the formation of the 
core-rime structures in the hard phase. Most often only one or at 
the most two of the three properties have been possible to opti- 
10 mize at the same time at the expense of the third one. 

US 5,308,376 discloses a cermet in which at least 80 vol% of 
the hard phase constituents comprises core-rim structured parti- 
cles consisting of several, preferably at least two, different 
hard constituent types with respect to the composition of core 
15 and/or rim(s) . These individual hard constituent types consist 
each of 10-80%, preferably 20-70% by volume of the total content 
of hard constituents . 

jp-A-6-248385 discloses a Ti-Nb-W-C-N-cermet in which more 
than 1 vol% of the hard phase comprises coreless particles, re- 
20 gardless of the composition of those particles. 

EP-A-872 566 discloses a cermet in which particles of differ- 
ent core-rime ratios coexist. When the structure of the titanium- 
based alloy is observed with a scanning electron microscope, par- 
ticles forming the hard phase in the alloy have black core parts 
25 and peripheral parts which are located around the black core parts 
to appear gray. Some particles have black core parts occupying ar- 
eas of at least 30 % of the overall particles referred to as big 
cores and some have the black core parts occupying areas of less 
than 30 % of the overall particle area are referred to as small 
30 cores. The amount of particles having big cores is 30-80 % of to- 
tal number of particles with cores. 

US 6,004,371 discloses a cermet comprising different micro- 
structural components, namely cores which are remnants of and hav« 
a metal composition determined by the raw material powder, tung- 
35 s ten-rich cores formed during the sintering, outer rims with in- 
termediate tungsten content formed during the sintering and a 
binder phase of a solid solution of at least titanium and tungste 
in cobalt. Toughness and wear resistance are varied by adding WC, 
(Ti,W)C, and/or (Ti,W) (C,N) in varying amounts as raw materials. 
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US 3,994,692 discloses cermet compositions with hard constitu- 
ents consisting of Ti, W and Nb in a Co binder phase. The techno- 
logical properties of these alloys as disclosed in the patent are, 
however, not impressive. 
5 A significant improvement compared to the above disclosures is 

presented in US 6,344,170. By optimizing composition and sintering 
process in the Ti-Ta-W-C-N-Co system improved toughness and resis- 
tance to plastic deformation is accomplished. The two parameters 
that are used to optimize toughness and resistance to plastic de- 
10 formation are the Ta- and Co-content. The use of pure Co-based 
binder is a major advantage over mixed Co-Ni-based binders with 
respect to the toughness behavior due to the differences in solu- 
tion hardening between Co and Ni . There is, however, no teaching 
how to optimize abrasive wear resistance simultaneously to the 
15 other two performance parameters. Hence, the abrasive wear resis- 
tance is still not optimal, which is necessary most often espe- 
cially in milling applications, where, on the other hand, resis- 
tance to plastic deformation normally is not as important as for 
turning applications. 
20 It is an object of the present invention to solve the probleit 

described above and others . 

It is a further object to provide a cermet material with sub- 
stantially improved wear resistance while maintaining toughness 
and resistance to plastic deformation on the same level as state- 
25 of-the-art cermets. 

It has been found possible to design and produce a material 
with substantially improved wear resistance while maintaining 
toughness and resistance to plastic deformation on the same level 
as state-of-the-art cermets. This has been achieved by working 
30 with the alloy system Ti-Nb-W-C-N-Co . 
'. Within the system Ti-Nb-W-C-N-Co a set of constraints has be* 

found rendering optimum properties for the intended application 
areas. More specifically, the abrasive wear resistance is maxi- 
: mized for a given level of toughness and resistance to plastic de 

. 35 formation by optimizing the amount of undissolved Ti(C,N) cores. 
| V The amount of undissolved Ti(C,N) cores can be varied independ- 

:*"": ently from other parameters, such as Nb and binder content. Hence 

/-.I a possibility has been found to simultaneously optimize all three 

.- main cutting performance criteria, i.e. toughness, abrasive wear 
40 resistance and resistance to plastic deformation. 



Fig. 1 shows the microstructure of an alloy according to the 
invention as observed in back scattering mode in a scanning elec- 
tron microscope in which 

A depicts undissolved Ti (C,N) -cores 
5 B depicts a complex carbonitride phase sometimes surrounding 

the A-cores and 

C depicts the Co binder phase. 

In one aspect, the present invention provides a titanium base, 
carbonitride alloy particularly useful for milling operations. The 
10 alloy consists of Ti, Nb, W, C, N and Co. When observed in back 
scattering mode in a scanning electron microscope the structure 
consists of black cores of Ti(C,N), A, a gray complex carbonitride 
phase, B, sometimes surrounding the A-cores and almost white Co 
binder phase, C, as depicted in Fig. 1. 
15 According to the present invention it has unexpectedly been 

found that the abrasive wear resistance can be maximized for a 
given level of toughness and resistance to plastic deformation by* 
optimizing the amount of undissolved Ti (C, N) -cores , A. A large 
amount of undissolved • cores is favorable for the abrasive wear re- 
20 sistance. However, the maximum amount of these cores is limited bj, 
the demand for sufficient toughness for a specific application 
since toughness decreases at high levels of undissolved cores. 
This amount must therefore be kept between 26 and 37 vol% of the 
hard constituents, preferably 27 and 35 vol%, most preferably 28. 
25 and 32 vol%, the balance being one or more complex carbonitride 
phases containing Ti, Nb and W. 

The composition of the Ti (C,N) -cores can be more closely de- 
fined as TiC x Ni_ x . The C/ (C+N) atomic ratio, x, in these cores 
must be in the range 0.46-0.70, preferably 0.52-0.64, most 
30 preferably 0.55-0.61. 

The overall C/ (C+N) ratio in the sintered alloy must be in tl 
range 50-75 at%. 

The average grain size of the undissolved cores, A, shall be 
0.1-2 |im and the average grain size of the hard phase including ti 
35 undissolved cores 0.5-3 jim. 

The Nb and Co contents must be chosen properly to give the d« 
sired properties for the envisioned application area. Milling app 
lications place high demands on productivity and reliability, 
which translates to the need for high resistance to abrasive wear 
40 resistance and high toughness, yet with a sufficient resistance t 
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plastic deformation. This combination is best achieved by Nb con- 
tents between 1.0 and <3.0 at%, preferably 1.5 and 2.5 at% and Co 
contents between 9 and 14 at%, preferably 10 and 13 at% . W is 
needed to get a sufficient wettability. The W content should be 
between 3 and 8 at%, preferably less than 4 at%, to avoid an unac- 
ceptably high porosity level. 

For some milling operations requiring even higher wear resis- 
tance it is advantageous to coat the body of the present invention 
with a thin wear resistant coating using PVD, CVD, MTCVD or simi- 
lar techniques. It should be noted that the composition of the in- 
sert is such that any of the coatings and coating techniques used 
today for WC-Co based materials or cermets may be directly 
applied, though of course the choice of coating will also influen- 
ce the deformation resistance and toughness of the material. 

In another aspect of the invention, there is provided a metho 
of manufacturing a sintered titanium-based carbonitride alloy. 
Hard constituent powders of TiC x Ni_ x , having x in the range 0.46- 
0.70, preferably 0.52-0.64, most preferably 0.55-0.61, NbC and WC 
are mixed with powder of Co to a composition within the limits 
given above and pressed into bodies of desired shape. Sintering is 
performed in a N 2 -CO-Ar atmosphere at a temperature in the range 
1370-1500 °C for 1.5-2h, preferably using the technique described 
in EP-A-1052297 . In order to obtain the desired amount of undis- 
solved Ti(CN) cores the amount of Ti(C,N) powder shall be 50-70 
wt-%, its grain size 1-3 Jim and the sintering temperature and sin- 
tering time have to be chosen adequately. It is within the purviev 
of the skilled artisan to determine by experiments the conditions 
necessary to obtain the desired micros true ture according to this 
specification. 
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Example 1 

A powder mixture of nominal composition (at%) Ti 39.5, W 3.7. 
Nb 1.7, Co 10.0 and a C/ (N+C) ratio of 0.62 (Alloy A) was prepare« 
by wet milling of 
35 62.0 wt-% TiCo.58 N 0.42 with a grain size of 1.43 urn 

4.7 wt-% NbC grain size 1.75 |im 

17.9 wt-% WC grain size 1.25 pm 

15.4 wt-% Co. 

The powder was spray dried and pressed into SEKN1203-EDR in- 
40 serts. The inserts were dewaxed in H2 and subsequently sintered ii 



a N 2 -CO-Ar atmosphere for 1.5 h at 1480 °C, according to EP-A- 
1052297, which was followed by grinding and conventional edge 
treatment. Polished cross sections of inserts were prepared by 
standard metal lographic techniques and characterized using scan- 

5 ning electron microscopy. Fig. 1 shows a scanning electron micro- 
graph of such a cross section, taken in back scattering mode. As 
indicated in Fig. 1, the black particles (A) are the undissolved 
Ti(C,N) cores and the light gray areas (C) are the binder phase. 
The remaining gray particles (B) are the part of the hard phase 

10 consisting of carbonitrides containing Ti, Nb and W. Using image 
analysis, the amount of undissolved Ti(C,N) cores, A, was deter- 
mined to be 31.3 vol% of the hard constituents. 

Example 2 (comparative) 
15 Inserts in a commercially well-established cermet milling 

grade (Alloy B) were manufactured according to US 5,314,65. 

The composition of Alloy B is (at %) Ti 34.2, W 4.1, Ta 2.5, 
Mo 2.0, Nb0.8, Co 8.2, Ni 4.2 with a C/ (N+C) ratio of 0.63. 

Characterization was carried out in the same manner as de- 
20 scribed in Example 1. Using image analysis, the amount of undis- 
solved Ti(C,N) cores was determined to be 20.3 vol% of the hard 
constituents . 

Example 3 

25 SEKN 12 03 inserts from the two titanium-based alloys of Exam- 

ples 1 and 2 were tested in milling operations. Toughness tests 
were performed by using single tooth end milling over a rod made 
of SS2541 with a diameter of 80 mm. The cutter body with a diame- 
ter of 250 mm was centrally positioned in relation to the rod. Th< 

30 cutting parameters used were cutting speed 13 0 m/min and depth of 
cut 2.0 mm. No coolant was used. The feed corresponding to 50% 
fracture after testing 10 inserts per variant was 0.38 mm/rev for 
alloy A according to the invention and 0.35 mm/rev for the alloy 
B. 

35 

Example 4 

SPKN 1203 inserts from the two titanium-based alloys of Exam 
pies 1 and 2 were tested in milling operations. Tool life was de- 
termined with criterion of flank wear, Vfc exceeding 0.3 mm. The 
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test material was steel SS1672 and the cutting conditions were the 
following : 

Single tooth dry milling along a rectangular shaped workpiece 
with a width of 48 mm and length 600 mm, depth of cut 1.0 mm, feed 
5 0.10 mm/rev and cutting speed 400 m/min. 

A cutter body with a diameter of 80 mm was centrally posi- 
tioned in relation to the workpiece. Three edges of each alloy 
were tested. Tool life criterion was Vb > 0.3 mm. The milled 
length for each edge is shown in the table below. 





Edge number 




1 


2 


3 


Alloy A 


13200 


15000 


13800 


Alloy B 


12000 


12600 


10800 



When summarizing the results in Examples 3-4, it is obvious 
that the alloy according to the invention has obtained an. improved 
overall cutting behavior compared to the comparative alloy. 
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1. A titanium based carbonitride alloy containing Ti, Nb, W, 
C, N and Co, for milling operations with a microstructure compris- 
ing hard constituents with undissolved Ti(C,N) cores 

5 characterized in containing in addition to Ti 9-14 at% 
Co with only impurity levels of Ni and Fe, l-<3 at% Nb, 3-8 at% W, 
having a C/ (N+C) ratio of 50-75 at%, and wherein the amount of un- 
dissolved Ti(C,N) cores is between 26 and 37 vol% of the hard con- 
stituents the balance being one or more complex carbonitride 

10 phases . 

2. The alloy according to claim 1, characterized 
in that the alloy contains 10-13 at% Co. 

3. The alloy according to claim 1, characterized 
in that the alloy contains 1.5-2.5 at% Nb. 

15 4. The alloy according to claim 1, characterized 

in that the alloy contains 3-4 at% W. 

5. The alloy according to claim 1, characterized 
in that the amount of undissolved Ti(C,N) cores is between 27 and 
35 vol% of the hard constituents, the balance being one or more 

20 complex carbonitride phases. 

6 . Method of manufacturing a sintered titanium-based carboni- 
tride alloy containing Ti, Nb, W # C, N and Co, for milling opera- 
tions with a microstructure comprising hard constituents with un- 
dissolved Ti(CN) cores by mixing hard constituent powders of 

25 TiCxNx-x, having x in the range 0.46-0.70, NbC and WC with powder 
of Co to a desired composition, pressed into bodies of desired 
shape and sintered in a N2~C0-Ar atmosphere at a temperature in 
the range 1370-1500 °C for 1.5-2h characterized in 
that in order to obtain the desired amount of undissolved Ti(C,N) 

30 cores the amount of Ti(C,N) powder is 50-70 wt-% of the powder 

mixture, its grain size is 1-3 \im and the sintering temperature ai 
sintering time are chosen to give an amount of undissolved Ti(C,N 
cores between 26 and 37 vol% of the hard constituents. 
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Summary 

The present invention relates to a titanium based carbonitrid 
alloy containing Ti, Nb, W, C, N and Co for metal cutting applica- 
tions, in particularly milling operations. The alloy contains in 

5 addition to Ti 9-14 at% Co with only impurity levels of Ni and Fe, 
l-<3 at% Nb, 3-8 at% W and has a C/ (C+N) ratio of 50-75 at% . The 
amount of undissolved Ti(C,N) cores must be kept between 26 and 37 
vol% of the hard constituents, the balance being one or more com- 
plex carbonitrides containing Ti, Nb and W. The invented alloy is 

10 particularly useful for milling of steel. 



